Introduction
Renal cell carcinoma (RCC) is the most common form of kidney cancer with an estimated 63,990 new cases diagnosed and 14,400 deaths in 2017 in the USA. 1 Calcium is an important regulator of several cellular processes; many of which are deregulated in cancer cells, such as proliferation, differentiation and apoptosis. 2, 3 Alteration of the expression of specific calcium-permeable ion channels is related to cancer development in various cancers. [4] [5] [6] Transient receptor potential vanilloid type-1 (TRPV1), a ligand-gated Ca 2+ -permeable ion channel, is involved in the important process of Ca 2+ transport and then maintains the intro-cellular calcium ([Ca 2+ ]i) level in cells.
7
TRPV1 was detected in prostate, breast and bladder cancer [8] [9] [10] and associated with cancer prognosis and histopathological differentiation. 11, 12 These findings showed that TRPV1 might be an important factor in cancer development and progression.
Capsaicin, as an agonist of TRPV1, has been shown to inhibit in vivo and in vitro cancer growth and to induce apoptosis of different cancer cells. 13, 14 The capsaicin-induced antitumor effects are mainly mediated through the TRPV1 channel by
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Wu et al increasing intracytoplasmic Ca 2+ . 15, 16 A striking increase in carcinogenesis of TRPV1 -/-mice was observed in carcinogenesis experiments, 17 while capsaicin could not induce tumor apoptosis with TRPV1 knockout. 18 All these findings indicated that TRPV1 was involved in malignant transformation of certain types of human carcinoma.
TRPV1 is mainly expressed in primary sensory neurons and also can be present in nonneuronal cells, such as urinary tract cells. 10, 12 With respect to the kidney, TRPV1 was also detected 19 in and contributed to the pathogenesis of ischemia/ reperfusion-induced acute kidney injury. 20, 21 However, little is known about the relationship of TRPV1 and kidney disease. Specifically, no report has been published on possible alterations of TRPV1 expression in human RCC.
Therefore, the aim of this study was to investigate the alteration of TRPV1 expression in the primary tumors of RCCs and normal peritumoral kidney tissues and then to define the correlation between its expression level and various clinicopathological features of RCC. We confirmed that decreased expression of TRPV1 was detected in RCCs and that TRPV1 expression was significantly associated with tumor Fuhrman grades and histopathological subtypes.
Patients and methods Patients
A total of 58 women and 69 men with a mean ± SD age of 59.93±13.56 years (range 47-83 years, median 59 years) diagnosed with RCC at the Department of Urology, Affiliated Sanming First Hospital, Fujian Medical University, between 2007 and 2010, were included in this study. The mean ages of the women and men were 60.25±10.62 and 59.79± 14.88 years, respectively. Table 1 lists the patients'  clinical and pathological features. Histopathological diagnosis was established according to the World Health Organization (WHO) guidelines (2004). Cases were selected according to tissue availability and were not stratified for any known preoperative or pathological prognostic factors. A pathologist divided the tissue blocks into malignant RCCs and normal peritumoral kidney tissues immediately after nephrectomy. One part was frozen at -80°C directly for mRNA and protein isolation, while another part was fixed in Tissue-Tek ® O.C.T.™ (Tissue-Tek, Sakura, Tokyo, Japan) and then stored at -80°C for immunohistochemical (IHC) analysis.
Ethical approval
Ethical and legal approval was obtained from the ethics committee of the Sanming First Hospital affiliated to Fujian Medical University prior to the commencement of the study. Written informed consent was obtained from all patients.
Hematoxylin-eosin (HE) staining
HE staining was performed for staging of all the specimens. Two blinded independent pathologists assessed the HE staining. When the pathologists disagreed about tumor stage and grade, they reviewed the slides in a non-blinded way.
Quantitative reverse transcription polymerase chain reaction (RT-PCR)
Total RNA was isolated from normal peritumoral kidney tissues and RCC samples with an RNeasy ® Mini Kit and RNase-free DNase set (Qiagen NV, Venlo, the Netherlands), and approximately 0.5 μg of extracted RNA was reverse transcribed using a First Strand cDNA Synthesis Kit for RT-PCR (Hoffman-La Roche Ltd., Basel, Switzerland) with random primers.
Real-time RT-PCR assays were performed with a SmartCycler ® System (Cepheid, Sunnyvale, CA, USA) using SYBR ® Green-I as the fluorogenic dye (Molecular Probes, Eugene, OR, USA). Two microliters of the complementary DNA were added into a 25 μL reaction system of Ex-taq ® RT-PCR version (TaKaRa, Otsu, Japan) with 0.2 μM of each pair of gene-specific primers and then subjected to 45 polymerase chain reaction (PCR) cycles. The primer sequences of TRPV1 (GenBank ® no. NM-080705.3) were as follows: forward, 5¢-TCA ACA AGA TCG CAC AGG AG-3¢; reverse, 5¢-GCC TGA AAC TCT GCT TGA CC-3′. The thermal program was 5 seconds at 95°C for denaturation and 20 seconds at 60°C for annealing and elongation. The mRNA expression level was normalized as the ratio to β-actin expression (forward, 5′-GGA CTT CGA GCA AGA GAT GG-3′; reverse, 5′-AGC ACT GTG TTG GCG TAC AG-3′) in each sample. Amplified PCR products were electrophoresed on 2.5% agarose gel for verification.
Western blot analysis
Proteins were extracted from frozen tissues using TRIzol ® reagent (Thermo Fisher Scientific, Waltham, MA, USA). Protein (100 μg) was separated by 10% sodium dodecyl sulfate (SDS)-polyacrylamide gels and electrotransferred onto a nitrocellulose transfer membrane using the ECL ® System (Amersham Biosciences, Buckinghamshire, UK). After blocking with 3% bovine serum albumin (BSA) in PBS, the membranes were incubated with primary antibody. The following primary antibodies were used: anti-TRPV1 (N-15) sc-12500 ( 
IHC staining
Frozen tissues embedded in optimum cutting temperature compound (Tissue-Tek) were sectioned into 8 μm slices. Three to five sections of each sample per patient (normal peritumoral kidney tissue and RCCs) were examined. Each slice was mounted onto an aminopropyl-triethoxysilanecoated glass slide. After air-drying, all slides were fixed in acetone for 10 minutes at 4°C and washed with Tris-buffered saline supplemented with 0.3% Triton X-100. The slides were then treated with 3% hydrogen peroxidase (Dako, S2001; Dako Denmark A/S) for 15 minutes to block endogenous peroxidase and then treated with the blocking reagent Dako X0909 to block nonspecific protein binding. Then, slides were incubated for 90 minutes at room temperature or overnight at 4°C with primary commercial antibodies (goat polyclonal antibody to human TRPV1, N-15, sc-12500; Santa Cruz Biotechnology Inc.; the optimal dilution 1:50). For the negative control, the primary antibody was replaced by antibody dilution buffer (Dako, S-3022). After washing with Tris-buffer solution, slides were incubated with a streptavidin-HRP-labeled secondary antibody (anti-rabbit antibody from Dako K 1390; anti-goat antibody from Dako P 0499 for 1:200 dilution; anti-rat antibody from Thermo PA1-28779 (Thermo Fisher Scientific) for 1:500 dilution) for 60 minutes at room temperature and treated with the substrate solution, 3,3'-diaminobenzidine (DAB; Dako K1390), for a color reaction. After 4 minutes of counterstaining with hematoxylin, the slides were viewed by a light microscope.
Statistical analyses
All values are shown as mean ± standard error of the mean (SEM). Statistical analysis was performed using SPSS, version 20.0 (IBM Corporation, Armonk, NY, USA). Paired sample t-tests were applied to assess the significance of the expression of mRNA between the normal peritumoral kidney tissues and RCC tissues, and one-way Hochberg's analysis of variance (ANOVA) was applied to assess the TPRV1 mRNA expression differences between normal peritumoral kidney tissues and RCC tissues among age, gender, pT stage, Fuhrman grade and histopathological subtype groups, separately. Spearman's correlation analysis was used for statistical analyses of the correlations between the TRPV1 mRNA expression in renal cell cancer and clinicopathological parameters. All p-values were two tailed, and those <0.05 was considered statistically significant.
Results
HE staining
HE staining was performed for all specimens and all tumors, which were reviewed by a pathologist for histopathological subtype and nucleolar grade features (Table 1) .
TRPV1 mRNA quantification
RT-PCR revealed TRPV1 gene expression in normal peritumoral kidney tissues and RCC tissues ( Figure 1A ). However, TRPV1 mRNA was decreased 3.20-fold in RCC vs normal peritumoral kidney tissues. The differences were statistically significant (p=0.012). Figure 2A and B) .
In detail, no significant difference was detected in clear cell RCC vs normal peritumoral kidney tissues (t=1.537, p=0.144), but significant differences were detected in chromophobe, granular and papillary RCC samples vs normal peritumoral kidney tissues (t=3.393, 5.228, 12.518; p=0.043, 0.020, 0.006, respectively). When RCC Fuhrman grade was assessed, no significant difference was detected in grade 1 RCC (G1RCC) vs normal peritumoral kidney tissues (t=0.32, p=0.759), but significant differences were detected in grade 2 RCC (G2RCC) and grade 3 RCC (G3RCC) vs normal Notes: (A) Significant differences were detected among chrRCC, gRCC and pRCC vs normal peritumoral kidney tissues of the same patients, but none were found in ccRCC vs kidney tissues. (B) Significant differences were also detected among G2RCC and G3RCC vs normal peritumoral kidney tissues in the same patients, but none were found in G1RCC. 
TRPV1 protein semiquantification in normal peritumoral kidney tissues and RCC tissues
Western blot analyses showed TRPV1 protein in normal peritumoral kidney tissues and RCC extracts. In parallel with our RT-PCR findings, peritumoral tissues had much higher TRPV1 expression levels than RCC tissues ( Figure 1B and C). Different TRPV1 expression levels were detected among histopathological subtype and Fuhrman grades of RCC ( Figure 3A and C). After normalization to β-actin, densitometric measurements revealed that peritumoral tissues expressed significantly higher TRPV1 protein levels than different RCC histopathological subtypes (p=0.078, 0.009, 0.005 and 0.003; Figure 3B ) and RCC Fuhrman grades (p=0.012, 0.001 and 0.001; Figure 3D ).
TRPV1 immunostaining in normal peritumoral kidney tissues and RCC tissues
IHC analysis revealed TRPV1 expression in malignant and nonmalignant renal epithelium (Figures 4 and 5) . Generally, positive TRPV1 staining was absent in glomeruli but strongly present in proximal tubules, while weak to moderate staining was detected in collecting ducts (CDs) and distal tubules (DTs; Figure 4A and B). The intracytoplasmic staining was focal or diffuse.
Similar to the mRNA results, relatively weak TRPV1 immunostaining was observed much more frequently in the RCC tissues, and differences were significant compared with those in normal peritumoral kidney tissues. Granular and papillary RCC samples showed a similar pattern of immuno staining with negative to weak TRPV1 staining ( Figure 4E and F) , while in chromophobe RCC, weak staining was detected ( Figure 4D) . However, the immunostaining intensity of clear cell RCC was significantly stronger and showed diffusely moderate positive staining ( Figure 4C ). TRPV1 staining was mainly found in the cytoplasm of the epithelium and appeared focal or diffuse.
For Fuhrman grade, gradually decreased TRPV1 staining was seen in parallel with higher Fuhrman grade of clear cell RCC. In G1RCC specimens, the labeling intensity was similar or slightly lower than in normal peritumoral kidney tissues ( Figure 5A ) as focal and granular staining ( Figure 5B ). However, in the grade 2 ( Figure 5C ) and grade 3 cases ( Figure 5D ), the labeling intensity was markedly reduced and appeared as weak or negative staining. No staining was observed in controls as well as in both normal peritumoral kidney tissues and RCC samples when the primary antibody was replaced using antibody dilution buffer.
TRPV1 correlation with clinicopathological parameters
We examined the statistical relationship between the quantified expression level of TRPV1 mRNA in RCC specimens and the histopathological grading and clinical staging of patients 
Discussion
In the current study, we confirmed that the normal peritumoral kidney tissue expressed TRPV1 mRNA and protein, but the mRNA and protein levels were markedly decreased in RCC. Furthermore, expression of this receptor decreased progressively as the Fuhrman grade increased. Indeed, while TRPV1 expression was slightly reduced in grade 1 cases, the receptor was rarely detected or completely absent in G2RCC and G3RCC samples. The implications of these findings are twofold: first, these data confirm that TRPV1 cannot be considered a "specific neuronal sensory receptor" only; second, the gradual loss of expression in higher-grade RCC suggests that the receptor expression might be correlated with cell differentiation. Previously, TRPV1 was described as a Ca
2+
-permeable ion channel activated by heat and capsaicin and engaged in tactile, thermal and taste sensing or osmolality regulation. Malignant cell transformation is often accompanied by changes in ion channel expression, and among these channels, several members of the transient receptor potential (TRP) family, Ca 2+ and Na + -permeable channels, show altered expression in malignant tumors. 6, 12 Recently, altered expression of TRPV1 has been found to be associated with prostate cancer and breast and bladder cancers. 8, 9, 12 Capsaicin, the major TRPV1 agonist, has been shown to inhibit in vivo and in vitro cancer growth and progression and to induce apoptosis of different cancer cells. 7 All these findings suggest that TRPV1 may be involved in tumor development and progression.
The kidneys are profusely innervated organs in which renal adrenergic neurons supply all the segments of renal vasculature, such as renal tubules.
22 TRPV1, as a neuronal sensory receptor, is widely distributed in the kidney. 23 In this study, we also confirmed that TRPV1 is strongly expressed in the tubules but is absent in glomeruli. TRPV1 was located in the intracytoplasmic regions and mainly confined to granular structures. A similar location has been found in the transitional cells of the human bladder, and TRPV1 was located in the endoplasmic reticulum (ER) and mitochondria and acted as a modulator of [Ca 2+ ]i. 12 Some evidence suggests that the effects of capsaicin against some cancerous cells may be via convergence of mitochondrial pathways. 7 Capsaicin leads to the dissipation of transmembrane mitochondrial potential and then induces large increases in [ ]i level to enhance the proliferation or resist apoptosis in RCC. In addition, TRPV1 could lead to increased or decreased production of reactive oxygen species, which are known to be involved in intrinsic apoptosis, although this is possibly a less important pathway in proliferation or apoptosis. 18 However, how TRPV1 affects RCC carcinogenesis is still unclear and should be further verified in the follow-up study.
We found a progressive loss of TRPV1 expression as RCC Fuhrman grade increased, and labeling was absent in the less differentiated cells. Consistent with the IHC data, Western blot and RT-PCR analyses confirmed the presence of TRPV1 in the kidney and demonstrated its progressive disappearance in the RCC samples as the Fuhrman grade increased. Moreover, decreased TRPV1 expression was correlated with Fuhrman grade. Thus, decreased TRPV1 expression may lead to active proliferation and dedifferentiation of cells.
Different TRPV1 expression levels among the different RCC histopathological subtypes were detected and verified by Western blot and RT-PCR analyses. In clear cell RCCs, TRPV1 staining was diffuse and moderate in the cytoplasm, but the average immunostaining intensity was significantly lower in granular, chromophobe and papillary RCCs. Interestingly, we also observed that TRPV1 was mainly located in distal nephrons and absent in glomeruli.
RCC is believed to arise from the precursor cells of different specialized epitheliums located along the length of the nephron. Ordinarily, clear cell and papillary RCCs arise from the epithelium of the proximal tubule epithelium. In contrast, chromophobe, CD and medullary RCC subtypes are believed to arise from the distal nephrons. 28, 29 We presume that the selective expression of TRPV1 observed in normal renal tubules might also be present in the various origins of RCC and lead to different expression in the different RCC histopathological subtypes.
Decreased TRPV1 expression was observed in the RCC tissues, which was correlated with RCC Fuhrman grade. Different expression levels were detected among the different histopathological subtypes of RCC that arise from different origins. These findings likely suggest that decreased TRPV1 expression may be associated with cell differentiation and acts as a valuable tool to predict the extent of RCC progression. Thus, further studies are necessary to identify the mechanisms regulating TRPV1 expression in RCC and its relationship to cell proliferation and differentiation.
Conclusion
TRPV1 expression was decreased in RCC, which was significantly associated with tumor histopathological subtypes and Fuhrman grades. It seems to suggest that TRPV1 expression may be a valuable tool to predict the extent of RCC progression.
